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of  work  accomplished  under  this  contract  is  given  below  in  chronological  order 
beginning  with  the  initial  proposal  dated  August  1,  1974,  through  this  final  report. 

V 

-j  The  work  accomplished  is  in  five  areas: 

(1)  ''ASEPS  model  validation; 

(2)  -ambient  noise  modeling  questions; 

(3)  -  second  order  statistics  for  ASK  PS; 

(4)  -  localisation  and  tracking  symposium;  a-* 

(5)  -  Kent  Beacon  analysis  and  follow-up  exercise  planning.  % 

Selection  of  these  task  areas  was  at  the  direction  of  LRAPP  in  response  to  current 
needs.  In  addition  to  tide  written  analysis.  Dr.  Bossard  participated  in  a  number 
of  discussions  and  planning  sessions  with  LRAPP  personnel. 

In  the  following  sections  each  of  the  major  work  areas  will  be  summarised. 
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1.  ASK  PS  Modgl  Validation 

The  initial  proposal,  reference  (a),  was  to  devise  statistical  tests  to  bo  used 
in  comparing  ASKPS  predictions  of  signal  excess  with  operational  data,  namely, 
poriods  of  SOSUS  contact  with  known  U.  S.  SSNs  operating  along  known  (or  recon¬ 
structed)  tracks  in  the  SOSUS  influence  areas,  and  utilizing  calibrated  noise  pro¬ 
jectors.  A  series  of  those  runs,  denotes  GNATS  I,  U,  Ill,  etc. ,  were  conducted 
and  reconstructed  during  1974  and  1975.  Most  of  the  data  reduction  was  performed 
by  Mr.  Bill  Schrelber  of  Planning  Systems,  Incorporated,  and  this  phase  of  our 
work  was  done  in  close  cooperation  with  Mr  Dick  Klinkner  of  PSi. 

Bibliography  entries  related  to  this  task  area  are  roforer.cos  (a)  (the  proposal), 

[b]  through  (f),  |1«).  bn).  |pj,  (s|  through  |v|,  (yj,  |aa]  through  |ppj,  |rr),  and  [ss), 
and  span  tlio  time  from  August  1,  1974  to  April  1,  !97G.  The  best  general  summary 
of  the  methodology  is  inference  Jy},  and  Urn  results  for  GNATS  l  and  11  is  given  in 
reference  (cc). 

The  net  result  of  this  work  Is  that  a  number  of  useful  tests  were  designed  and 
implemented  on  u  Wang  illlOOB  programmable  calculator  for  use  with  data  as 
developed  in  Um  GNATS  reconstruction  and  the  ASK  PS  output.  Those  tests  are 
designed  to  show  die  regions  of  signal  excess  statisties  (t r,  the  instantaneous  standard 
deviation  and  X  the  recurrence  rate  ot  independent  samples)  Unit  are  compatible  with 
the  observed  data  (SNll  at  time  of  detection  and  the  length  of  contact,  as  recorded  for 
individual  arrays  and  propagation  paths),  aiul  to  highlight  other  anomalies  that  may 
arise.  By  reference  to  independent  analyses  Unit  estimate  the  values  of  X  and  a ,  it 
is  possible  with  these  tests  to  infer  the  compatibility  of  the  o|w rational  results  to  the 
observed  operational  tlata. 
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In  tho  initial  application  of  the  tosts,  reported  in  reference  [cc|,  a  number  of 
areas  were  found  whore  model  improvements  were  needed.  If  is  difficult  to  say 
whether  those  areas  were  revealed  by  tho  tosts  or  by  common  sense  scrutiny  of 
the  data,  but  in  either  ovont,  the  need  for  further  ASK PS  model  development  was 
»ndic\.ted  and  so  further  application  of  the  tests  was  suspended. 

It  should  bo  noted  that  revision  of  the  ASK  PS  model  has  recently  been  completed, 
"tm  so  it  is  timely  to  again  consider  the  use  of  these  tests  for  comparison  of  ASKPS 
output  with  operational  data.  In  general,  it  should  bo  noted  that  tho  utility  of  the 
tests  developed  for  this  validation  will  bo  greatest  if  the  model  is  free  of  obvious 
prediction  errors  —  when  tho  orrors  are  obvious  there  is  no  need  for  subtle  tests. 

It  should  ho  noted  that  Wagner,  Associates  no  longer  has  a  Wang  2200B  computer 
and  that  tho  principal  analyst  for  this  tiisk.  Dr.  Bill  Barker,  is  on  assignment  at 
Naples,  Italy.  Thus,  revival  of  these  test  programs  would  involvo  some  start-up 
delays. 

2.  Ambient  Noise  Modeling 

One  of  the  issues  in  ASK  Pis  is  tho  way  hi  which  ambient  noise  is  modeled  — 
particularly  because  of  interest  hi  directional  (horizontal  and  vertical)  structure  iu 
the  noise.  At  tho  start  of  the  pi  aposed  work,  PSI  under  Uie  work  of  Mr.  1/)U  Solomon 
was  engaged  in  modeling  shipping  contributions  to  ambient  noise.  In  late  1974, 

NPSO,  New  Ix>ndon,  conducted  various  directional  ambient  noise  measurements 
in  Bermuda.  The  task,  wliieh  was  briefly  studiod  as  part  of  our  work  effort,  was 
to  devise  appropriate  statistical  quantities  (vu r lance,  correlation,  etc.)  U»at  could 
be  used  to  evaluate  the  utility  of  the  directional  ambiont  noise  modeling  in  ASKPS. 
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References  {gj,  [ij,  [jj,  (nj,  [oj,  (pj,  (sj  suggest  simple  measures  that  can 
be  used  to  compare  directional  ambient  noise  data  with  predictions.  These  measures 
were  never  implemented  because  the  NUSC  data  has  nevor  (to  my  knowledge)  been 
reconstructed  and  made  available  for  such  analysis.  The  basic  Poisson  spatial  pro¬ 
cess  (whHh  is  quite  capable  of  handling  shipping  kincs  and  other  known  phenomena) 
as  developed  in  reference  (gj  romains  of  value  in  ambient  noiso  modoling  and  has 
boon  used  in  other  applications  of  spatial  processes. 


3.  Second  Order  Statistics  for  ASKPS 

The  second  proposal,  reference  (x),  extended  our  analysis  into  the  area  of 
second  order  statistics  for  signal  excess  prediction  models.  This  turn  in  the  work 
evolved  naturally  out  of  the  earlier  work  because  of  the  realization  that  tho  utility 
of  ASEPS  in  the  prediction  of  system  performance  is  closely  tied  to  its  ability  to 
predict  not  only  tho  moan  lovol  of  signal  excess  but  also  tho  statistical  properties 
of  tho  signal  excess  about  tho  mean  —  to  the  extent  that  those  properties  depend 
on  tiro  environment.  It  is  a  fact  of  life  that  performance  contours  for  SOSUS  are 
basod  on  assumed  socond  order  statistics  of  tho  signal  oxcoss  —  tho  instantaneous 
standard  deviation  of  signal  excess,  a,  and  tiro  temporal  repetition  rate,  A,  as  much 
as  or  more  than  on  tho  mean  level  of  tho  signal. 

llio  ASEPS  model  has  a  unique  potential  to  correct  a  universal  limitation  of  all 
performance  prediction  schemes,  namely  that  it  is  assumed  that  tho  values  of  a  and  A 
are  independent  of  the  geographic  location  and  orientation  of  tho  arrays,  the  ambient 
noiso  environment,  etc.  It  is  well  known  that  those  statistical  quantities  are  not 
universal  constants,  but  until  tiro  ASKPS  model,  there  has  not  been  a  practical  means 
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to  predict  variations  in  these  parameters. 

To  give  a  simple  illustration  whore  second  order  statistics  are  important, 

ASEPS  can  identify  those  occasions  when  tho  propagation  path  from  source  to  receiver 
is  "nearly"  bottom  limited  —  that  situation  ia  which  tho  critical  depth  is  nearly  equal 
to  the  ocean  depth  ovor  a  significant  segment  of  the  path.  In  such  a  circumstance, 
small  changes  in  the  propagation  path  or  in  the  temperature  profile  may  result  in 
large  changes  in  signal  excess  over  the  path:  this  translates  into  a  large  value  of  a, 
and  perhaps  says  something  about  X  as  well.  It  is  particularly  interesting  to  note 
that  the  repetition  rates  generally  assumed  for  performance  prediction  are  on  the 
order  of  one  per  hour  (X~l)  to  one  per  three  hours  (X  1/3).  In  some  localities,  this 
may  well  be  influenced  by  physically  identifiable  events  —  tidos,  diurnal  temperaturo 
shifts,  etc. 

Once  the  basic  capability  of  ASK  PS  to  predict  moan  signal  excess  is  reasonably 
well  established,  it  is  desirable  from  tho  viewpoint  of  operations  analysis  to  go  into 
tho  sooond  order  statistics  as  implied  by  the  propagation  path  calculations.  This  was 
Urn  thrust  of  references  (l|,  {rj,  and  (w|.  Tho  message  of  tho  last  of  thoso  memoranda 
is  that  modifications  of  ASK  PS  to  produce  second  order  statistics  is  fairly  straight¬ 
forward  suid  should  not  substantially  increase  tho  computation  time*. 

The  work  of  these  references  is  preliminary,  but  clearly  shows  a  useful  direction 
in  which  to  move  the  would  greully  increase  tho  value  of  ASK  PS  to  the  performance 
prediction  community.  U  is  our  judgment  that  profitable  further  analysis  remains 
in  this  area. 

*  This  assertion  has  been  confirmed  in  informal  discussion  with  Mr.  Chuck  Spofford 
who  developed  the  latest  algorithms  used  hi  tho  new  ASK  PS  model. 


4.  Localization  and  Tracking  Symposium 


Reference  [zj  is  a  summary  report  of  a  special  task  requested  by  P ML' -12 4 
and  agreed  to  by  LRAPP  in  which  Dr.  David  Bossard  chaired  a  panol  to  review  the 
various  localization  and  tracking  algorithms  in  current  use  within  the  SOSUS  com¬ 
munity.  This  effort  involved  two  or  three  gatherings  at  Bell  Laboratories,  Whippany, 
NY,  and  TRW  Systoms  in  McClean,  VA,  to  discuss  the  models  presently  in  use 
by  Bell  Laboratories  (the  SST  and  MST  algorithms),  NOSC  San  Diego  (in  the  advan¬ 
ced  signal  processing  projoct)  and  TRW.  The  reference  summarizes  the  findings, 
which  basically  center  around  the  deplorable  situation  that  prevails  in  the  field  in 
which  progress  is  seriously  hampered  by  lack  of  scientific  interchange  due  to  the 
claim  that  the  information  is  proprietary.  This  is  particularly  true  of  various 
Kalman  Filter  tracking  algorithms.  As  chairman  of  the  session,  1  was  unable  to 
procuro  a  copy  of  tho  Bell  Uiboratory  algorithms  for  purposes  of  evaluation  and 
comparison  with  other  approaches  to  target  motion  analysis,  although  the  informa¬ 
tion  that  could  be  gleaned  was  enough  to  confirm  certain  opinions  as  to  tire  nature 
of  the  algorithms. 

5.  Kent  Beacon  Analysis  and  Follow-up 

As  tho  fimd  task  under  the  contract,  Wagner  Associates  was  asked  to  evaluate 
tho  contact  data  obtained  during  tho  Kent  Beacon  exercise  conducted  during  late  11)75. 
Reference  (qqj  summarizes  that  analysis.  Based  or.  this  work,  algorithms  were 
developed  which  duplicate  in  principle  the  detection  scheme  used  on  tirnt  exorcise. 
These  algorithms  were  developed  hi  reference  (ttj,  jvvj,  and  jwwj  for  implementation 
during  Church  Stroke  I.  Tho  algorithms  and  subsequent  work  on  this  task  wore  takon 
over  by  Dr.  John  Hanna  of  Systems  Analysis,  Incorporated  and  bunker  Romo.  In 
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our  opinion,  the  algorithms  wei-e  not  properly  exorcised,  so  no  conclusive  information 
is  available  for  tills  effort. 


~b  j  C 

David  C.  Rossard 
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II,  19/5,  Unclassified  (Jose  593). 


Use  ' s _ Manga  L  1  ,ar_ .  a .  Co -laul  ex _ Pxoir la JillulUI . 
Associates  Internal  Memorandum  to  LKAPP,  by 
II,  19/5,  Unclassified  (Case  593). 


Daniel  H.  Wagner, 
W.li.  Barker,  December 


UastLlSu.lLiaU.li _ taC-UaauUU'LlL-tlLCaLda_tiUiiUUI.  Daniel  H.  Wagner, 

Associates  Internal  Memorandum  to  LKAPP,  by  W.H.  Barker,  December 
II,  1 9/5,  Unclassified  (Case  593). 


U^i^M_liaauil^Q3:_ucnLULac_llLcucin_  UlidlHlUHSt ,  Dan  i  «*  l  M. 
Associates  Internal  Memorandum  to  LKAPP,  by  W.H.  Barker 
11,  19/5,  Unclassified  (Case  593). 


Wagner, 

,  December 
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Oa.'JL  ‘lUUSlilLaS.  Used  in  the  3UUPACX .  nnd-liM^gACiC-lnaut  Programs. 
Daniel  H*  -Vagner,  Associates  Interne!  Memorandum  to  LRAPP,  by 
W.H.  Barker,  December  IB,  19/5,  Unclassified  (Case  573). 


Uaftds .  M-.ifiLi.jl.  f-cir.  tha  Pro-iram  lll&ClilLJi O.S. UjadoLiia U  Time , 

Daniel  II.  .Vagner,  Associates  Internal  Memorandum  to  LWAPP,  by 
W.H*  Barker,  December  Id,  19/5,  Unclassified  (Case  593). 

&miC4  -Q  £_£  LjILs.  LLc-iL-Lzsl.s.-.U.'iid  _i  .a_SUli  du  Le._Uui-ASiiEi Jiadoi , 
Daniel  H.  .Vagner,  Associates  Internal  Memorandum  to  LRAPP,  by 
W.H.  Barker,  December  PI,  19/5,  Unc  1  ass  i  f  1  ed  (Case  5  93). 

LLSiltiS— IiJ.QU.aLJ.aL J&il -Ecajcoa J2LiilLiIiIIIl2RAa .  Daniel  H.  Wagner, 
Associates  Internal  Memorandum  to  LHAPP,  by  W.H.  Barker,  December 
24,  19/5,  Unclassified  (Case  593). 

Uinr's  Manual  for  the  .Computer  Program..  M  XL  IKE.  Daniel  H. 

•Vagner,  Associates  Internal  Memorandum  to  LRAPP,  by  W.H.  Barker, 
December  24,  1975,  Unclassified  (Case  593). 

Uexia,y.  at . Ke.nt, Jtezzsn Jlaa.t.iQl-D-it-i-iiil.  Daniel  h.  Vagner, 

Associates  Memorandum  to  LIMPP,  by  D.C.  Bossard,  Mirch  10,  1976, 
decret  (Case  593). 


ItnJitaLi-ilA'IUILIiLJiiQlliei.  Daniel  d.  Wagner.  Associates 
internal  Memorandum  to  LRAPP,  b /  W.H.  darker,  March  31,  19/6, 
Unclassified  (Case  593). 

Daniel  II.  (Vagner, 

Associates  Intern  >1  Memorandum  to  LfMPP,  by  W.H.  Btrker,  April 
I,  19/5.  Unclassified  (Case  j93). 

QiL2.Ua-aI_J.a  Ji^a.tiLgg.Ql^LQ,  A  iiiiiess,  th"  Kent  Beacon.  Phenomenon. 
Daniel  H,  Warner,  Associates  ''eaorandum  to  LHAPP,  oy  D.C.  Bossard, 
June  7,  1 9/6,  Confidential  (Case  593). 

E.Qvicaa!IiaaLulJdcgiiUllQa.  Daniel  H.  rtajner.  Associates  Proposal 
to  LHAPP,  by  D.C.  Bossard*  June  II,  19/6,  Unclassified  (Case  593). 

Erimigas-tt.  DLviLr.slLy-  JlcgLsJdLLLag -PaciLn  *?  nt  a  Lion .  Daniel  H.  Wagner, 
Associates  deport  to  LHAPP,  by  D.C.  B<a;;s»rd,  and  B.M.  McDaniel, 
April  21,  197/,  Unc !  ass  i  fief  (Case  593). 

Changes  In  the  Pregnancy  Diversity  Processor.  Daniel  H.  Wn  jn*»r, 
Associates  Interim  Memorandum  to  LHAPP,  by  D.C.  Bossard,  and  H.M. 
McDaniel,  May  4,  19//,  Unclassified  (Case  5 93) 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 


IN  REPLY  REFER  TO: 


5510/1 

Ser  32 1OA/0 11/06 
31  Jan  06 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj :  DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  List  of  DECLASSIFIED  LRAPP  Documents 

1 .  In  accordance  with  reference  (a),  a  declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


BRIAN  LINK 
By  direction 


Subj :  DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

DISTRIBUTION  LIST: 

NAVOCEANO  (Code  N121LC  -  Jaime  Ratliff) 

NRL  Washington  (Code  5596.3  -  Mary  Templeman) 

PEO  LMW  Det  San  Diego  (PMS  181) 

DTIC-OCQ  (Larry  Downing) 

ARL,  U  of  Texas 

Blue  Sea  Corporation  (Dr. Roy  Gaul) 

ONR  32B  (CAPT  Paul  Stewart) 

ONR  3210A  (Dr.  Ellen  Livingston) 

APL,  U  of  Washington 

APL,  Johns  Hopkins  University 

ARL,  Penn  State  University 

MPL  of  Scripps  Institution  of  Oceanography 

WHOI 

NAVSEA 

NAVAIR 

NUWC 

SAIC 


Declassified  LRAPP  Documents 
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